Abstract: This paper describes and compares the species composition and community structure of the oribatid mite fauna of 5 caves in the Kraków-Wieluń Upland (Wyżyna Krakowsko-Wieluńska). We also compare oribatid communities in 3 chosen caves with oribatid communities in the soil and litter (leaves, dead wood, bat guano) in the vicinity of the cave entrances. Three hypotheses were tested: (1) oribatid communities from the soil and litter near the caves differ from the communities inhabiting caves; (2) the composition of oribatid communities depends on cave size; (3) the cave communities strongly depend on microhabitat quality and diversity. We collected 1112 adult oribatids from caves and 838 from the soil and litter near the caves. Oribatid communities in the caves were different from the soil communities. Litter, guano and dead wood were the microhabitats that affected oribatid communities significantly. In the other cave microhabitats (soil and mud), oribatids were infrequent. Cave size affected the oribatid community structure.
INTRODUCTION
Caves are particularly interesting environments for researchers because they are useful places to study a multitude of problems in ecology and evolution (Poulson & White 1969; hoWarth 1983) . Although the arthropods make up a majority of the cave fauna, relatively little attention is paid to the communities of mites in these subterranean habitats. There have been only few studies of mite communities in caves in Europe (leruth 1939; hiPPa et al. 1988; BrucKner 1995; leBerton 1998; Ducarme et al. 2003 Ducarme et al. , 2004 Ducarme et al. , 2005 Ducarme & leBrun 2004) . About 100 taxa of oribatid mites (Oribatida, also known as moss mites or beetle mites) have been reported from European caves (Ducarme et al. 2000) . One study concerned a similar but human-made environment: underground workings in a mine (sKuBaŁa & KŁys 2002) .
The shortage of information about oribatid communities in subterranean environments inspired us to start the research on moss mites in Polish caves. Our main prediction was that soil and cave mite communities are distinct, inhabited by different species. Another hypothesis was that oribatid communities from the larger and more isolated caves are similar to each other and different from the communities inhabiting smaller caves. We also supposed that there is a positive relationship between oribatid species richness and abundance and increasing diversity of microhabitats and that some species are exclusive to different types of microhabitats.
MATERIALS AND METHODS
The research was conducted in the Kraków-Wieluń Upland (Wyżyna KrakowskoWieluńska) in southern Poland. Five caves of various size were chosen: Nietoperzowa, Wierna, Studnisko, Błotna, and Pod Porzeczką (Table 1 ). All the caves were situated in beech-dominated forests (szelereWicz & górny 1986; WiśnieWsKi 1991) . In total, 117 samples (400 cm 3 each) were taken from the caves. The following microhabitats in the caves were studied: cave mud, soil patches, dead wood, leaves, and guano. Thirty soil and litter samples of the same size (400 cm 3 each) were additionally collected around the entrances of Błotna Cave, Studnisko Cave, and Pod Porzeczką Cave. All the samples were collected in November 2006. Mites were extracted in a week's time using a Tullgren funnel. Adult specimens were identified to species level using Weigmann (2006) . Differences in the abundance of adult oribatids between microhabitats were tested by the rank analysis of variance (Kruskal-Wallis ANOVA) and BonferroniDunn post-hoc test. Spearman rank correlation coefficient was used to assess the strength of the link between the total number of species found in the cave and the number of investigated microhabitats. These analyses were conducted using STATIS-TICA 8 software. CANOCO 4.5 was used to carry out Principal Component Analysis (PCA) and 2 redundancy analyses (RDA). Principal Component Analysis assessed the similarities and relations between species and communities in different caves and in microhabitats. It was carried out using species abundance data. The dependent variables in both RDA analyses were the abundances of species in cave communities. As the explanatory variables, the type of microhabitats or maximum length and depth of the caves were used. Marginal and conditional effects in both RDA analyses were also calculated to identify which environmental variables explained the greatest proportion of variation in the communities. The abundance of oribatid mites was transformed (log[x+1]) for the ordination analyses.
RESULTS
Overall, 1 112 specimens and 65 species of adult Oribatida were collected from caves (Table 2 ) and 838 from the soil and litter samples near the cave entrances. Oribatid density in samples from caves was highly variable, ranging from 0 to 380 mites/ dm 3 . Kruskal-Wallis ANOVA revealed significant differences in oribatid abundance between caves (H = 36.01; p < 0.01). The density of moss mites in Błotna Cave was significantly lower than in the other caves (Table 3 ). The lowest number of species was also recorded in Błotna Cave. The richest in species was Pod Porzeczką Cave (Table 3) . Principal Component Analysis (PCA) revealed differences in oribatid species composition between caves (Fig. 1) (Fig. 1) . Redundancy analysis showed that the species composition of the cave communities was significantly affected by microhabitat types (Monte Carlo permutation test: (Fig. 2) , 4 groups of species can be distinguished. In leaves found on the cave floor, (Berlese, 1913) are characteristic for dead wood. Bat guano was inhabited by O. cavati cus. The species that occurred in cave mud and patches of the soil in the caves are situated in the middle of the ordination graph. These are the microhabitats with the most common species composition.
Leaves, guano, and dead wood were the cave microhabitats that significantly affected the oribatid community species composition (see lambda factors and probability values in Table 4 . Maximum length as well as maximum depth of the caves also had an impact on the oribatid community structure (Table 4) . There was no relationship between the number of microhabitats and number of species found in caves (Spearman rank correlation: R = -0.70 and p = 0.18).
DISSCUSSION
The fauna of the investigated caves was poor in species and only one typical cave species was found. Despite that, cave communities were clearly different from the typical soil fauna. Community species composition of the largest caves differed from that of the smaller caves. In Pod Porzeczką and Błotna Caves, oribatid communities were grouped in a separate cluster. Oribatid species composition in these caves was more similar to that of soil communities than to the fauna of the lager caves. Błotna Cave is often flooded with water and, consequently, it is very wet. According to Ducarme et al. (2003) , oribatids are scarce in flooded Belgium caves. Those caves are dominated by the Prostigmata, Endeostigmata or Astigmata. Oppiella nova is the dominant species in Błotna Cave. It is a very common, eurytopic, and mobile species (ojala & huhta 2001) and it could easily colonize the cave at the time when the cave substrate was drier. Pod Porzeczką Cave is a partly open slot-cave, with a lot of leaves, litter, and plant roots lying on the cave floor. It is very easily accessible for the soil mites and rich in organic matter.
Oribellopsis cavaticus was the only species exclusive to the cave communities. Other species that were highly abundant in caves also occurred in soil and litter samples from the outside of the caves. The differences in species composition between soil communities were not as large as the differences in species composition between cave communities. Also in general, species composition is more variable in cave communities than in soil communities (Ducarme et al. 2003) . In Nietoperzowa, Wierna and Studnisko Caves, the abundance of O. cavaticus -the typical cave species -was much higher than at the other sites. This species is associated with bat guano (Kunst 1962) . Thanks to the favourable structure and character of those caves, they are inhabited by bats (szelereWicz & górny 1986 ).
An increasing number of microhabitats is usually related with an increased species richness. This is thought to be a result of an increased number of inhabited niches (anDerson 1978; hansen & coleman 1998) . By contrast, in our research such a relation did not occur. It seems that species composition is affected here by microhabitat quality, and species richness is not influenced by microhabitat diversity in this study. The microhabitats that affected significantly species composition of cave communities, were: leaves, guano, and pieces of wood. These are the main sources of mite food in caves and the most preferred habitats (hoWarth 1983). It can be concluded that various species compete to occupy those habitats. Indeed, those substrates were dominated by some exclusive species, which probably are very well adapted to them. The patches of soil in caves and the cave mud were inhabited accidentally. Species composition in those microhabitats was very random and mainly consisted of recedent and subrecedent taxa. Those species were abundant in soil and litter communities from the outside of the caves.
